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(57) ABSTRACT

A material which is provided for use in direct contact with the
skin of a user and which contains a percentage in silver that is
finely dispersed in said material. The material is provided
with a content in another metal that is finely dispersed in the
material in addition to the silver content. The metals of the
group including aluminum, magnesium, zinc, bronze, tita-
nium and platinum are suitable either individually or in com-
bination and in amounts between 0.1 and 1% by weight. The
use of the metal particles is also suitable to conceal discol-
orations in a pigmented or dyed synthetic material when the
material is used in air or on the skin. The metal particles do not
impair the properties of the material. The material can be used
to produce skin patches of any kind, especially for use in
orthopedics.

19 Claims, No Drawings
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USE OF FINELY DISPERSED METAL
PARTICLES IN A MATERIAL, A SKIN PATCH
AND AN ORTHOPEDIC ARTICLE

The invention concerns concealing of material discolora-
tion in use in air or on the skin, caused for example by contact
with perspiration, particularly in a material that itself is not a
metal, should not substantially conduct electricity, and is
intended for use in direct contact with the skin of a user. The
invention also includes use in various skin patches and cush-
ions and in orthopedic articles.

It is known that plastic products become discolored during
use on the skin due to UV radiation, but also other environ-
mental effects, such as contact with bodily fluids and perspi-
ration. A particularly frequent occurrence is yellowing of
white or lightly dyed plastics.

Yellowing and discoloration occurs for example in the case
of orthopedic cushions, primarily when these cushions are
light or skin-colored. As such discoloration can give the plas-
tic component a soiled and aesthetically unpleasant appear-
ance, they must be prevented or concealed.

An attempt is often made to counteract discoloration by
using a higher pigment content. As a rule, however, this
impairs the mechanical properties of the plastic components,
which may be highly important in medical or orthopedic
cushions. One therefore cannot increase the percentage of
pigments or dyes used as additives so drastically that discol-
oration could thus be completely prevented.

In standard dyeing, the dyed plastic component becomes
darker over time as a result of absorption of light due to two
effects, the desired effect of the pigment and the undesired
discoloration. Moreover, it is only possible to conceal the
actual discoloration by using a suitable dye having an absorp-
tion spectrum in which the color of discoloration is also
absorbed.

There is therefore a need for alternatively dyed plastic
components for medical and orthopedic technology. Numer-
ous plastic components that come into direct contact with the
body are required for both medical and special orthopedic
purposes. These include various cushions, orthotic compo-
nents, prosthetic components, and other orthopedic equip-
ment.

The method is also known of including silver in materials
in order to give them an antibacterial effect, particularly if the
materials are intended foruse in lengthy and intensive contact
with the skin. Silver is particularly preferred for use with
materials that come into contact with perspiration in order to
prevent odor formation due to bacterial decomposition prod-
ucts in perspiration, or also in the medical area for wound
dressings and for treating particular skin diseases such as
neurodermatitis.

In an example of a known method, textiles are provided
with silver fibers or with a silver-containing coating for this
purpose. Surface coatings may also be provided for refrigera-
tors, kitchen furniture, and technical components that are
frequently touched by different people, such as light switches
or doorknobs—particularly in hospitals. These coatings may
constitute thin oil or polymer films. Antibacterial enamels and
ceramics are known, as well as silver-containing plastics for
use in medical and orthopedic technology.

The antibacterial effect of the silver is attributed to the
silver ions that are readily generated on contact with the skin,
in particular due to skin fluids and perspiration. In the course
of use, the silver undergoes partial oxidation. In use on the
skin, black silver sulfide is produced, which frequently makes
the product containing silver unsightly. For textiles and poly-
mers containing silver, therefore, the colors grey, anthracite
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grey, and black are preferred, as they make the formation of
silver oxide or silver sulfide unnoticeable. However, prob-
lems occur with the use of light or skin-colored rubber or
plastic cushions, e.g., in the area of orthopedics for prostheses
and other orthopedic aids.

So-called liners, manufactured from soft elastic polymers
(plastics, homo- or copolymers, polymer mixtures, rubbers),
are used for example as connecting elements and cushions
between limb prosthesis stumps and the accompanying pros-
thesis shafts. Among other types, silicone liners and polyure-
thane liners are on the market. In this case, the silicone and
polyurethane materials are composed exclusively of silicone
and polyurethane polymer gels and as such are transparent,
and it is only when pigments are used that they become
opaque or colored. Because of the strong effect of perspira-
tion and general body fluids, plastic components used in
orthopedic medicine quickly become unsightly, and this
applies in particular to highly moisture-permeable plastics
and gel polymers. The only approach that has helped to date
against the inevitable discoloration caused by pigmented or
dyed plastics is extensive pigmentation and dyeing in a suit-
able optical absorption range. From the standpoint of mate-
rials technology, however, the addition of large amounts of
dye and pigment is frequently undesirable, as this may
sharply impair physical and mechanical properties that are
indispensable for the desired effect of the product. If silver is
added to such liners, generally by mixing it into the plastic
mixture in finely dispersed form, the liners quickly become
unsightly despite pigmentation because of their extensive
exposure to perspiration. The only approach that helps
against this is dyeing using a grey or dark-grey to black color,
which is often undesirable.

The purpose of the invention is to prevent or better conceal
discoloration of colored or dyed plastic components and to
provide materials, particularly those that are intended for use
in direct contact with the user’s skin and contain a percentage
of silver finely dispersed in the material as an antibacterial
agent, with properties such that the product remains virtually
unchanged and attractive from a visual standpoint over a long
period without impairing its material properties.

This purpose is achieved by using finely dispersed metal
particles according to Claim 1, a material according to Claim
8, a skin patch according to Claim 13, and an orthopedic
article according to Claim 14.

Generally, the invention describes the use of finely dis-
persed metal particles, particularly from the group aluminum,
magnesium, zinc, bronze, titanium, and/or platinum, in a
material, preferably a plastic material, which may contain
silver as an antibacterial agent, in order to conceal discolora-
tion and/or silver discoloration when the material is used in
the air or on the skin.

The material should preferably beused in a skin patch or an
orthopedic cushion.

Here, “orthopedic cushion” refers to any cushion used in
orthopedics technology, including cushions used for medical
purposes. Such cushions are primarily cushioning pads of
various forms, which e.g. may be glued onto the skin in order
to achieve a cushioning effect at certain points on the body, or
prosthesis coverings, orthotic coverings, prosthesis shafts,
prosthesis liners, shoe sole inserts, orthopedic shafts and
shoes in general, or orthopedic synthetic stockings.

The cushion may also be provided, at least on one side,
with a textile cover, or it may be coated on one or both sides.

In a particularly preferred application, the material accord-
ing to the invention is used in an amputation stump liner or
limb (amputation) stump liner and/or an orthopedic cushion
in the form of an amputation stump liner. An amputation
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stump liner constitutes the cushioned transition between a
limb stump and a prosthesis holder, specifically a prosthesis
shaft, and is essentially composed of a polymeric elastic
material that in this case is mixed with the added metal par-
ticles, and if desired, also with silver. Connections for pros-
theses, anchorings, valves and the like can further be provided
on the liner. This is known to a person skilled in the art and
need not be described here in further detail. Moreover, the
liner may be equipped on one or both sides with a textile
covering (i.e., either only on the side in contact with the skin,
only on the side away from the skin, or on both sides). This
covering should preferably be a thin deposited layer such as a
CVD layer. The material of'the stump liner should preferably
be a homopolymer or copolymer material or a mixture of
several plastics. The plastic of the liner should preferably be
elastic, and even more preferably, should be in the form of a
gel, and should be equipped with special mechanical proper-
ties depending on the purpose of application.

In addition to stump liners, the following orthopedic cush-
ions are particularly well-suited to be equipped according to
the invention: general orthopedic cushioning pads, prosthesis
coverings, orthotic cushions, prosthesis shafts, components
of supporting devices, shoe sole inserts, or orthopedic syn-
thetic stockings used as knitted fabrics in the same manner as
liners in order to cushion orthopedic holding devices or pros-
thetics.

Generally speaking, the invention also includes the use of
the orthopedic cushions according to the invention in more
complex orthopedic articles or orthopedic articles such as
those equipped with the cushion according to the invention.

The metals used as a supplement to silver or without silver
may be metals in nanoscale or colloidal form, powder par-
ticles, fine granules, or flakes or scales, chips or filaments.
Commonly sold metal powders are also suitable for the inven-
tion. Corresponding powders are also used, for example, in
the jewelry or paint industry. The particle size is generally
between 1 and 100 um, with a minimum particle thickness for
flake-type and nanoscale particles being 0.1 pum.

The metal particles used according to the invention have no
black oxides or sulfides, and the metallic dye effect produced
by them shows virtually no change during use of the products
manufactured from the material. Surprisingly, it has been
found that compared to pigments used as general anti-yellow-
ing agents, substantially lower amounts, and specifically only
510 10% of the minimum pigment or dye content required for
an operating effect, are needed to achieve a sufficient effect of
concealing discoloration on contact with the skin of a user or
perspiration. Particles composed of aluminum or an alumi-
num alloy should preferably be used. Greater glossiness is
imparted to the coloring of the plastic because of the presence
of metal particles and dye or pigment particles. Highly
appealing optical effects also result from the use of translu-
cent dyes in combination with the metal particles according to
the invention.

The metal content, i.e. the percentage of metal particles
with respect to total weight, should preferably, to supplement
existing silver content, be at least 0.01% by weight, and more
preferably at least 0.1% by weight, with a content 0 0.5% by
weight being even more preferable. A value of up to 1% by
weight, or a maximum of 3% by weight, is considered suffi-
cient to achieve the desired effects. The silver content used in
materials containing silver for antibacterial purposes (plastics
and textiles) should preferably range from less than 0.01% by
weight to a maximum of 0.1% by weight.

Therefore, a considerable advantage of the invention
already lies in the fact that when it is used in plastics, a smaller
amount of additive is used for dyeing when pigments/dyes
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and metal are used than if only pigments or dyes were used. If
applicable, one may even dispense completely with the use of
pigments and dyes.

An additional and even more significant advantage can be
seen in the fact that adding metals in such a small amount has
virtually no effect on the mechanical properties of a plastic,
which is particularly important for gel-based and soft plastics.
This is particularly significant in the case of functional prod-
ucts, in which the properties of the materials are of decisive
importance. Plastic cushions used in medicine and orthopedic
technology, orthotic components, and components of sup-
porting devices and similar products in particular must pos-
sess highly specific elastic properties, strength, stretching
properties, etc.—if applicable, even anisotropic properties—
and these properties must not be impaired by additives.

An additional advantage of the invention is to be seen in the
fact that the plastic material possesses a silver or bronze
coloration, and thus a highly attractive appearance. This is
particularly pronounced in the presence of colored pigments
other than white and black and in the case of translucent
pigments.

It was also observed that metallization, if applicable in
addition to silver, may have a positive effect on the user with
respect to neuralgia and phantom pain. This may be attribut-
able to the capacitive action of the metal used.

Insofar as the invention is used in products that also contain
silver, it is surprising that apparently no local elements are
formed, even in the case of moisture-permeable and swellable
plastics and textiles. One would assume per se that the ele-
ments below silver in the electrochemical series, such as
aluminum, would reduce the formation of silver ions, which
are considered to have an antibacterial effect, and thus elimi-
nate this effect. Conversely, the elements above silver in the
electrochemical series could oxidize and consume the sugar
too rapidly. Neither of these phenomena occur, as we were
able to experimentally demonstrate. The silver concentration
and silver action remain unaffected, even when swelling tests
are conducted with the silver-doped materials. For example,
we were unable to detect any silver losses or measure any
conductivity in silver-doped silicone liners that had been
immersed in saline solution for a week. There is therefore no
need to fear that the material according to the invention will
lose its effect on contact with skin moisture or perspiration.
Accordingly, there are no corresponding disadvantages due to
foreign metals corresponding to the aforementioned advan-
tages.

Examples of suitable basic materials, which if applicable
are mixed with silver and the additional metal intended pri-
marily to act as a metal dye, include polymers (natural or
synthetic, i.e., plastics of all kinds, rubber, latex, gutta-per-
cha) and textiles (natural fibers and fleeces, synthetic fibers
and fleeces), but also other materials, which themselves are
not metals and preferably should not conduct or only slightly
conduct electricity, e.g., ceramics.

Plastics particularly well-suited for use are polymeric or
copolymeric elastic plastics, soft plastics, or polymer gels.

Particularly preferred is a material according to the inven-
tion that is intended for use in direct contact with the skin of
the user and contains a percentage of silver finely dispersed in
the material as an antibacterial agent, with said material also
containing, in addition to the silver, a percentage of metals
finely dispersed in the material from the group aluminum,
magnesium, zinc, bronze, titanium, or platinum, individually
or in combination, with aluminum or an aluminum alloy
being especially preferable.

Generally, the invention also includes a skin patch com-
posed of the material according to the invention. This may be
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any skin patch that has also been provided with silver in prior
art, specifically cushioning pads, prosthesis linings, orthotic
components, components of supporting devices, textile
patches such as elastic bandages, amputation stump liners,
prosthesis shafts, prosthesis holders, and skin patches for
thermal insulation. In a particularly preferred embodiment,
one uses the material according to the invention for an ampu-
tation stump liner or a skin patch in the form of an amputation
stump liner.

The invention further comprises an orthopedic article hav-
ing the material as a cushion or insulating material, specifi-
cally for orthopedic purposes, and also comprises use of the
material for holders or supporting devices on the human body,
orthotics and orthotic components, shaft cast resins, textile
coatings, and textile impregnation.

Additional products that can be advantageously manufac-
tured from or with the material according to the invention are
shoe sole inserts, sitting cushions for chairs, wheelchairs and
beds, arm supports, and support hose and stockings.

In the following, the invention will be described in greater
detail by means of examples, which are intended for illustra-
tive purposes but do not limit the scope of the invention in
general.

The polymer recipes described below were used as a mate-
rial base. To the material base or base material, silver in the
desired form and/or at least one additional metal from the
group of aluminum, magnesium, zinc, titanium, platinum, or
bronze was added. The silver was added to all materials/
samples in the form of a commercially available additive
having a silver content of 1.6% by weight, with said additive
being added in an amount of 0.6% by weight with respect to
the base materials.

1. The following are examples of suitable base materials that
were used:
1.) Silicones:

RTV-Silicone gels (dual-component gels polyaddition),
e.g., Rhodia® 4411 or 4420, mixed if applicable with 1 to
15% by weight of silicone fluid or silicone oil.

Specific examples of suitable recipes for silicone materials
are:

Rhodia® 4411 100: 12

Rhodia® 4420 100: 10

Rhodia® 4420 100: 10 with 5% silicone fluid 0.65 cst

Dow Corning Silastic® T2 100: 10, with or without 10% Dow
Silicone Oil 200 (350 cst)

Wacker Elastosil® RTV 4644 100: 10, with or without 15%
Silicone Oil Wacker AK 1000

each of which is miscible with the optimum amount 0f0.05 to
0.15% by weight Al powder

2.) Polyurethanes:

Polyurethane from polyether polyol with aliphatic isocy-
anate 100: 13, 0.1 t0 0.5% Coscat® catalyst, viscosity reducer
BYK A 535;
or Conathan TU 401 with TU 810 100: 51
each of which is miscible with the optimum amount 0f0.05 to
0.15% by weight Al powder
3.) Block Copolymers:

SEBS:

15-30% Kraton 1651G, 60 to 75% med. white oil, 0-1%
antioxidant, 0-25% viscosity reducer (e.g., petroleum ether)
SEEPS:

10-20% Septon 4044, 70-80% med. white oil, 0-1% anti-
oxidant, 0-20% viscosity reducer (e.g., petroleum ether) each
of which is miscible with the optimum amount of 0.01 to
0.2% by weight Al powder
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II. The following recipes were subjected to comparative mea-
surements in order to influence mechanical properties by
means of pigments and metal particles. The results are shown
in Table 1.

(Basic Material with Silver Added, as Specified Above)
Recipe A: Rhodia 4411 100: 12 (reference, no metal, no
pigment)

Recipe B: Rhodia 4411 100: 12 with 1% by weight Elastosil
Colored Pigment FL,

Recipe C: Rhodia 4411 100: 12 with 3% by weight Elastosil
Colored Pigment FL,

Recipe D: Rhodia 4411 100: 12 with 0.1% by weight Al
powder

Recipe B Recipe C Recipe D
Recipe A (1% (3% (0.1% Al
(Reference) pigment) pigment) powder)
Tensile 1.36 1.45 1.20 141
strength
(N/mm?)
Elongation 522 539 480 585
at break
(%)
400% 0.8572 0.8578 0.9017 0.7184
tension
(N/mm?)
Tear 7.12 7.46 6.90 7.86
strength
(N/mm)
Coefficient 1.59 1.69 1.33 1.96

Discussion of Comparative Measurement Results:

Recipe B contained 1% by weight of colored pigment,
which is to be considered the minimum required to conceal
(slight) greying due to silver. In cases of more severe discol-
oration, such as may occur due to contact with sulfur com-
pounds, the silver-based liner requires a sharply higher dye
concentration of at least 3% (see Recipe C). In both cases,
Recipes B and C, the same grey coloring pigment was used.
The visually observed degree of coverage for Recipe
Example D was 0.1% by weight aluminum powder, roughly
corresponding to that for Recipe C with 3% by weight color-
ing pigment.

It can be seen from the data that the metal powder does not
impair mechanical properties to any great degree. The use of
metal powder can therefore be seen as highly advantageous,
both optically and with respect to metal properties.

All of the recipes may be used with commercially available
metal powders such as those used in the ink, paint, and coat-
ing industry or electroplating.

All coloring effects and mechanical properties will be
found correspondingly for the same recipes, but without any
silver content. The visually observed degree of coverage pro-
vides secure protection against plastic discoloration due to
skin contact, and particularly perspiration.

The invention claimed is:

1. An orthopedic cushion, comprising:

a plastic material;

silver contained in the plastic material and functioning as
an antibacterial agent, the silver remaining in the plastic
material upon contact of the orthopedic cushion with
skin of a wearer during use;

metal particles dispersed in the plastic material to conceal
discoloration resulting from contact of the orthopedic
cushion with the skin of a wearer during use, the metal
particles including at least one of aluminum, aluminum
alloy, bronze, titanium, and platinum;
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wherein the orthopedic cushion is in the form of at least one
of'an amputation stump liner, a cushioning pad, a pros-
thesis covering, an orthotic cushion, a prosthesis shaft, a
shoe sole insert, and an orthopedic stocking;

wherein a content of the metal particles is in the range of at

least 0.01% by weight to 3% by weight.

2. The orthopedic cushion as claimed in claim 1, wherein
the metal particles, as a supplement to the silver, is present in
the form of powder particles, fine chips, or filaments.

3. The orthopedic cushion as claimed in claim 1, wherein
the content of the metal particles at least 0.1% by weight.

4. The orthopedic cushion as claimed in claim 1, wherein
the plastic material comprises a polymeric or copolymeric
elastic plastic, soft plastic, or polymer gel.

5. An orthopedic article, equipped with an orthopedic cush-
ion as claimed in claim 1.

6. The orthopedic cushion as claimed in claim 1, wherein
the orthopedic cushion is coated on at least one side with a
textile cover or is coated on one or both sides.

7. The orthopedic cushion as claimed in claim 1, wherein
the orthopedic cushion is coated on at least one side with a
thin deposited layer.

8. The orthopedic cushion as claimed in claim 7, wherein
the thin deposited layer is a chemical vapor deposition (CVD)
layer.

9. The orthopedic cushion as claimed in claim 1, wherein
the plastic material contains pigments or dyes.

10. The orthopedic cushion as claimed in claim 1, wherein
the metal particles are present in the form of powder particles,
fine chips, flakes, scales, granules, or filaments.

11. The orthopedic cushion as claimed in claim 10, wherein
the metal particles have a particle size between 1 pm and 100
pum, and a minimum particle thickness for the flakes 0o 0.1 pm.

12. A method of concealing discoloration in polymer mate-
rials in an orthopedic cushion, comprising:

providing a material composition comprising at least one

polymer material, silver and metal particles, the silver
being contained in the polymer material and functioning
as an antibacterial agent, the metal particles being dis-
persed in the polymer material, a content of the metal
particles being in the range of at least 0.01% by weight
to 3% by weight of the material composition;
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forming the orthopedic cushion comprising the material
composition, the metal particles of the material compo-
sition concealing discoloration in the orthopedic cush-
ion;

wherein the metal particles include at least one metal in the
group consisting of aluminum, zinc, bronze, titanium,
and platinum.

13. The method as claimed in claim 12 wherein the ortho-
pedic cushion being selected from the group consisting of an
amputation stump liner, a cushioning pad, a prosthesis cov-
ering, an orthotic cushion, a prosthesis shaft, a shoe sole
insert, or an orthopedic stocking.

14. The method as claimed in claim 12, wherein the ortho-
pedic cushion is coated on at least one side with a textile
cover, or is coated on both sides with a textile cover.

15. The method as claimed in claim 12, wherein the metal
particles comprise aluminum or an aluminum alloy.

16. The method as claimed in claim 12, wherein the metal
particles are in the form of powder particles, fine chips, or
filaments.

17. The method as claimed in claim 12, wherein the poly-
mer material comprises a polymeric or copolymeric elastic
plastic, soft plastic, or polymer gel.

18. An orthopedic cushion, comprising:

a plastic material;

silver contained in the plastic material and functioning as
an antibacterial agent;

metal particles dispersed in the plastic material to conceal
discoloration, the metal particles including at least one
of aluminum, aluminum alloy, magnesium, bronze, tita-
nium, and platinum;

wherein a content of the metal particles is in the range of at
least 0.01% by weight to 3% by weight;

wherein the orthopedic cushion is in the form of an ampu-
tation stump liner.

19. The orthopedic cushion as claimed in claim 18, wherein
the metal particles have a particle size between 1 pm and 100
pm.

The following is an examiner’s statement of reasons for
allowance: The prior art does not teach or suggest instant
orthopedic cushion comprising a plastic material, silver
and 0.01-3% metal particles.
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